Electron spin resonance signals of non-heme iron as an indicator of ischemia-reperfusion injury of the liver.
Although many different methods have been proposed to assess the viability of preserved or reperfused liver, none of them are definitive. In this study, we investigated the usefulness of electron spin resonance (ESR) spectrometry in the rat liver ischemia model. Ischemia was induced in Wistar rats weighing 250-300 g by clamping the portal triad. At 15, 30, 60, or 90 min after the clamping, the liver was reperfused by removing the clamp. Liver specimens obtained before and after the clamping and also 30 min after reperfusion were frozen with liquid nitrogen and analyzed at 140K by ESR spectrometry. Two significant signals of g-values of 2.0 and 1.96 were observed with the fresh liver. The former was thought to be a mixture of CoQ, flavin, and succinate radicals. The intensity of this signal did not change throughout the experimental period. The latter was regarded as the signal from non-heme irons of mitochondria. The intensity of this signal decreased as the ischemic time became longer (the ratio to the signal intensity of the fresh liver was 0.69 +/- 0.19, 0.22 +/- 0.08, 0.20 +/- 0.05, and 0.18 +/- 0.09 at the end of 15, 30, 60, and 90 min of ischemia, respectively). After reperfusion, each ratio recovered to 0.95 +/- 0.12, 0.77 +/- 0.06, 0.56 +/- 0.15, and 0.37 +/- 0.20, respectively. This suggests that detectable signals with Fe(II)-Fe(III) decreased and became undetectable as the reduced form of non-heme irons under the anoxic state. Then, after reperfusion, the reduced form of non-heme irons decreased and the oxidized form increased. Incomplete recovery was thought to be due to decrease in the viability or function of liver cells. ATP and energy charge had the same tendency as the non-heme iron signal observed with ESR. There was a significant correlation between the non-heme iron signal and energy charge (y = 0.73x + 0.32, r = 0.78, P < 0.001), demonstrating that the signal intensity reflects the viability or function of liver cells. This study suggests that the signal from non-heme irons detected by ESR can be a good parameter of the metabolic state of the liver in ischemia and reperfusion. This method is simple and quick and should be applicable in clinical liver transplantation.